We previously reported the equilibrium dimerization reaction of the CLC-ec1 Cl -/H + transporter in 2:1 11 POPE/POPG membranes (Chadda et al. 2016 ). This was determined by measuring the probability 12 distributions of subunit capture into extruded liposomes by single-molecule photobleaching analysis 13 across a wide range of subunit/lipid mole fraction densities. In this approach, knowledge of the liposome 14 size distribution is necessary in order to correct the data for random co-capture events and extract the 15 underlying dimerization reaction. For this we used a previously reported cryo-electron microscopy (cryo-16 EM) measured size distribution of 400 nm extruded liposomes made of E. coli polar lipids (Walden et al.
complexes (Yano & Matsuzaki 2006; Cristian et al. 2011; North et al. 2006; Yano et al. 2015) , though advances into steric-trapping have enabled the study of stable oligomers (Hong et al. 2010; Hong & With the updated liposome size distribution, we re-examined the I201W/I422W ('WW') CLC-ec1 photobleaching data from Chadda et al. (Chadda et al. 2016) . Previously, this construct was found to be also observed differences in the fraction of empty liposomes (F 0 ) by single-molecule co-localization 73 microscopy for the Cy5 labeled protein and Alexa Fluor 488 labeled liposomes, indicating that the protein 74 occupancy was consistent with a monomer at high densities (Chadda et al. 2016) . However, when we 75 calculated F Dimer using the Walden distribution, we observed a weak apparent dimerization reaction that 76 either indicated an actual formation of dimers or inaccuracies of the modeling at higher densities. With 77 the new liposome distribution, we find that the experimental data converges with the simulated monomer 78 probabilities ( Figure 1G ) and that the apparent dimerization is no longer present ( Figure 1H ). This,
79
together with the other evidence presented in previous studies, demonstrates that WW is monomeric 80 within our experimental range of densities. This observation indicates that WW can serve as a monomeric 81 control in future experiments.
83
With a monomeric control in place, we were motivated to identify an experimental dimer control, to 84 establish a model-free approach to measuring dimerization that does not require prior knowledge of the 85 liposome size distribution. For this, we turned to covalent cross-linking methods that have already been 86 well established for CLC-ec1. First, we tried glutaraldehyde that covalently cross-links the dimer state as 2010). Glutaraldehyde is a short chain bis-reactive molecule and cross-links proteins via primary amine 89 groups present on lysines and the N-terminus. CLC-ec1 has 13 native lysine residues ( Figure 2A ) and 90 while the dimer is the major cross-linked product, we also observe a small tetramer population and a 91 small amount of resistant monomer (Figure 2 -supplementary figure 1 ), highlighting the non-specific reserve glutaraldehyde cross-linked WT as a structural dimeric control in the membrane, but not one with For an alternate approach, we investigated disulfide cross-linking across the dimerization interface. composition, both of which are expected to change the liposome size distribution. The overall agreement between the statistical modeling approach and experimental controls demonstrates that the subunit capture
METHODS 141
The bulk of the methods used in this study follow that reported in (Chadda et al. 2016 ). Details of 142 experiments specific to this study are outlined here.
144
Cross-linking of 'WT' C85A/H234C CLC-ec1. For running on SDS-PAGE, glutaraldehyde (Sigma mutations were added to the C85A/H234C background using a Quickchange II site-directed mutatgenesis 153 kit (Agilent Technologies, Santa Clara, CA). Purification was carried out as described previously (Chadda F Dimer calculator. A MATLAB app was created to calculate the fraction of dimer using the various models and experimental controls, and the sum of R 2 analysis. All of the models and experimental bias of 4 for size exclusion of the dimer model, and A lipid = 0.6 nm 2 as described in (Chadda et al. 2016;  Robertson, J.L., Kolmakova-Partensky, L. & Miller, C., 2010. Design, function and structure of a Table 1 . Summary of free energy values for CLC-ec1 dimerization in 2:1 POPE/POPG lipid bilayers. Free energies are calculated as ΔG° = -RT ln(K eq /χ°) where χ° is the standard state of 1 subunit/lipid, R is the gas constant 1.99 x 10 -3 kcal mole -1 K -1 , and T is 298 K (25 °C), where K eq is determined by fitting to the equilibrium dimerization isotherm. Data represent bestfit ± error of fit (R 2 ). Photobleaching probabilities (P 1 , P 2 , P 3+ ) and FDimer analysis (bottom row) of W-Cy5 (red) along with monomer (white) and dimer (black) probabilities. Monomer and dimer probabilities determined by (A) modeling using the 400 nm EPL Walden liposome size distribution (model parameters set as: P Cy5 = 0.72, P non-specific = 0.14, bias = 4 and A lipid =0.6), ΔG° = -9.4 ± 0.2 kcal/mole, R 2 = 0.87 (B) modeling using the 400 nm 2:1 POPE/POPG liposome size distribution, ΔG° = -8.7 ± 0.2 kcal/mole, R 2 =0.71 (C) WW-Cy5 for monomer and glutaraldehyde crosslinked WT-Cy5 for dimer, ΔG° = -8.4 ± 0.2 kcal/mole, R 2 = 0.78, and (D) WW-Cy5 for monomer and R230C/L249C-Cy5 for dimer, ΔG° = -8.8 ± 0.2 kcal/mole, R 2 = 0.80. Data represent mean ± SEM.
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